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The World Health Organization has classified glaucoma and diabetic retinopathy (DR) as priority eye diseases.\[[@ref1]\] Based on the accelerated "VISION - 2020 initiatives" to address cataract, which is considered the leading cause of age-related visual impairment, the contribution of glaucoma and DR to global blindness is significant and continues to increase. Due to the asymptomatic nature of ocular changes in early diabetes, annual screening for DR is recommended for type II diabetics.\[[@ref2]\] However, there is no public health strategy for the early detection of glaucoma through screenings. Evaluation for glaucoma could comprise part of comprehensive eye assessments especially at the secondary and tertiary levels of eye care. For example, screening for glaucoma could be combined with the annual DR screening by performing digital photography of the optic nerve head (ONH) for evaluation by specialists. However, such a screening initiative would depend on the magnitude of glaucoma in diabetics.\[[@ref3]\]

The prevalence of glaucoma in diabetics ranges from 4.96% to 14.6%.\[[@ref4][@ref5]\] However, geographic distribution and race can affect the association between glaucoma and diabetes.\[[@ref6][@ref7]\] To the best of our knowledge, there are no peer review papers documenting the magnitude of glaucoma among diabetics in the state of Maharashtra, India. This study estimates the magnitude and determinants of glaucoma among individuals with type II diabetes who presented to a secondary/tertiary eye hospital in Maharashtra, India.

Methods {#sec1-2}
=======

This study was conducted between January 2010 and December 2013. The Institutional Research and Ethical Committee approved this study. Written informed consent was obtained from all participants in this study. A patient with diabetes was included in this study if he/she presented to our institute for an ophthalmic evaluation irrespective of ocular signs and symptoms. Type II diabetics who agreed to participate were enrolled and examined. Patients with secondary glaucoma due to uveitis, retinal vein occlusion, and trauma were excluded.

To calculate the sample size of this cross-sectional study, we assumed that the prevalence of glaucoma among diabetics was 14.6%.\[[@ref5]\] To achieve 95% confidence intervals (CIs), 3% error margin and clustering effect of 1.5, we required 794 randomly selected type II diabetics. To compensate for the loss of data, an additional 5% was added to the sample size. Thus, the final sample size was 840 type II adult diabetics. A glaucoma specialist, an ophthalmologist, experienced in glaucoma assessment and two allied eye care professionals were the field investigators.

Diabetes was defined as a fasting blood sugar \>7 mmol/L (\>125 mg/dl) or an individual currently medicated for glycemic control.\[[@ref8]\] An individual was defined with hypertension, if he/she had a history of high blood pressure and/or was using antihypertensive medications or had a systolic blood pressure \>130 mmHg or diastolic blood pressure \>85 mmHg on three measurements.\[[@ref9]\]

Monocular best-corrected visual acuity was measured with an Early Treatment Diabetic Retinopathy Study chart held 6 m from the patient. Dynamic retinoscopy was performed to assess refractive error. Slitlamp biomicroscopy included evaluation of the anterior chamber depth, pupil, iris (for new vessels and iridectomy) and lens status. Stereoscopic examination of the ONH was performed with + 90 D and + 78 D Volk lenses (Volk optical Inc. Ohio, USA). Intraocular pressure (IOP) was measured with a Goldmann applanation tonometer after instilling one drop of topical anesthetic on the cornea. Visual field was assessed with a Humphrey Field Analyzer 30-2 Swedish Interactive Thresholding Algorithm program (Carl Zeiss Meditec Inc., Dublin, CA, USA). The anterior chamber angle was examined with a four-mirror goniolens. If the angle were narrow, the rest of the eye examination was performed through undilated pupils.

Glaucoma was defined as the presence of two or more of following findings: (1) Cup-to-disc ratio \>0.5; (2) any focal notch in the neuro-retinal rim; (3) thinning and pallor of the neuro-retinal rim; (4) hemorrhage on the optic disc; (5) peripapillary atrophy; (6) visual field defects correlating with optic disc changes; (7) mean deviation \>6 db and pattern standard deviation \>3 db on perimetry and; (8) IOP \>21 mm Hg.

Well-controlled diabetes was considered a fasting and postprandial blood glucose level of ≤125 mg/dl (\>7mmol/L) and ≥200 mg/dl (≥11.1 mmol/L) respectively on the day of the eye examination. The normal lipid profile was defined as serum cholesterol ≤200 mg/dl, serum low-density lipoprotein ≤100 mg/dl, serum high-density lipoprotein ≥40 mg/dl and serum triglyceride ≤160 mg/dl.

The data were collected using a pretested form and transferred to an Excel spreadsheet (Microsoft^®^ Corporation, Redmond, WA, USA). Univariate analysis was performed with a parametric method using Statistical Package for Social Studies SPSS-16 (IBM Corporation, Armonk, NY, USA). Data on continuous variables (age, duration of diabetes, lipid parameters etc.,) are presented as mean ± standard deviation. Categorical variables are expressed in frequencies and percentages. Comparison of continuous variables was performed between patients with and without glaucoma by using the difference of mean and the corresponding 95% CI. Categorical variables were analyzed by using 2 by 2 tables and calculating odds ratio (OR) with the 95% CI. The trend between duration of diabetes and incidence of glaucoma was assessed with the Chi-square. A two-sided *P* \< 0.05 was considered as statistically significant.

Results {#sec1-3}
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The study cohort was comprised of 841 adult diabetics (521 males and 320 females). The mean age of study cohort was 58.3 ± 10.7 years. There were 699 diabetics (83%) who followed the Hindu religion. Two hundred and twenty-seven (27%) diabetics were illiterate and 357 (42.4%) were pure vegetarians.

The magnitude and distribution of glaucoma are presented in [Table 1](#T1){ref-type="table"}. The prevalence of glaucoma among diabetics was 15.6% (95% CI: 13.1-18.0). There was no difference in prevalence between males and females (*P* \> 0.05). The prevalence of glaucoma among diabetics increased with increasing age.

###### 

Prevalence of glaucoma among adult diabetics
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There were 66 (50.4%) diabetics with primary open angle glaucoma (POAG), 41 (31.3%) with primary angle-closure glaucoma, 14 (9.1%) with neovascular glaucoma and 10 (7.2%) with other types of glaucoma.

Of the 131 diabetics with glaucoma, there were 13 (10%) with nonproliferative DR (NPDR), 17 (13%) with sight threatening DR (STDR) and 101 (77%) without DR in either eye. There were 709 diabetics without glaucoma and DR was absent in 505 (71%) of these patients. NPDR was present in 111 (15.6%) diabetics without glaucoma, and STDR was present in 90 (12.7%) diabetics without glaucoma. The presence of DR was not significantly associated to the presence of glaucoma (OR = 1.4 \[95% CI: 0.88-1.2\]).

The association of the presence of glaucoma to different risk factors is presented in [Table 2](#T2){ref-type="table"}. Age (*P* = 0.01, difference of mean 2.39 years) and duration of diabetes (*P* = 0.001) were significant risk factors for glaucoma. Binominal regression analysis indicated that the duration of diabetes was a significant predictor of glaucoma among diabetics (*P* = 0.02). Factors such as age, gender and hypertension were not significant predictors of glaucoma.
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Risk factors for glaucoma among diabetics
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Vision in eyes with less pathology (better eyes) was compared with vision in eyes with greater pathology (worse eyes) grouped by patients according to: (1) Glaucoma and STDR; (2) glaucoma, but no STDR and; (3) no glaucoma and no STDR \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. Status of severe visual impairment (SVI) in the better eyes was not associated to type of ocular morbidity (STDR and glaucoma) (Chi-square = 0.13, degree of freedom = 2, *P* = 0.73). Status of SVI in the worse eyes was not associated to the type of ocular morbidity (STDR and glaucoma) (Chi-square = 0, degree of freedom = 2, *P* = 0.97). The visual acuity in four patients was missing.
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Vision in better eye in patients with or without glaucoma and sight threatening diabetic retinopathy
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Vision in the worse eye of patients with or without glaucoma and sight threatening diabetic retinopathy
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Discussion {#sec1-4}
==========

In this study, we found 1 in 6 diabetics had glaucoma. In addition, we found a statistically significant association between the duration of diabetes and glaucoma (*P* = 0.02). Hence, the longer the duration of diabetes the greater the association to glaucoma. The prevalence of glaucoma did not differ among those with and without STDR. The risk of SVI in all three groups; those with glaucoma, without glaucoma and with glaucoma and STDR did not differ.

The prevalence of glaucoma among diabetics in our study was 15.6%, which falls within the range reported from other studies worldwide. In an Australian study, the prevalence of glaucoma among diabetics was 7.7%.\[[@ref10]\] In Western India, the prevalence of glaucoma among diabetics is 15%.\[[@ref7]\] Ellis *et al*.\[[@ref11]\] found that 20% of diabetics had glaucoma. The prevalence of glaucoma among diabetics in Oman was reported at 8.9%.\[[@ref12]\] In Botswana (Africa), 2.5% of patients with diabetes had glaucoma.\[[@ref13]\] A study of Chinese patients with diabetes reported that diabetes mellitus was associated to increased IOP but not glaucoma.\[[@ref14]\] A study in the United Kingdom reported a 2.5 times higher risk of glaucoma among diabetics.\[[@ref15]\] Large studies such as the Rotterdam Eye Study and Malay Eye Study also suggested that diabetes was not a risk factor for open angle glaucoma.\[[@ref16][@ref17]\] The wide variation in prevalence in the literature may be due to differences in race, geographic locations and the method of measurements among studies.

We found no gender-related differences in the prevalence of glaucoma among diabetics. Among African females, a strong association of diabetes and glaucoma was observed.\[[@ref18]\] Pasquale *et al*. also noted a higher risk of glaucoma among diabetic American females.\[[@ref19]\] In Oman, the prevalence of glaucoma was significantly higher among male diabetics compared to female diabetics.\[[@ref13]\] Further studies are warranted to review the association of gender and glaucoma among diabetics.

The prevalence of POAG in our study was 7.8%. Most studies in the literature have focused on POAG and diabetes and concluded that diabetes is a risk factor for POAG.\[[@ref6][@ref16][@ref20]\] The current study only included individuals with diabetes, and the sample was not calculated to represent POAG (sub-types of glaucoma). Hence, we did not test the association of POAG to diabetes.

The duration of diabetes was a significant predictor of glaucoma in our study. Duration naturally increases with the age of the patient. As age was not significantly associated to glaucoma in our study, it is less likely to influence the positive association of duration of diabetes to glaucoma. Further longitudinal studies are needed to confirm this finding.

In the absence of blindness (vision \<3/60) in the better eye in the glaucoma and STDR group, we associated SVI to glaucoma and STDR and noted that there was no statistically significant association. Individuals without glaucoma and STDR (with SVI due to cataract) might be presenting to our institutions. Hence, an association of SVI and comorbidity should be interpreted with caution. A previous study noted that only 14.7% of patients with glaucoma had SVI during follow-up 1-year prior to death.\[[@ref21]\] Of note, cases of DR with diabetic macular edema would show some decline in visual acuity.\[[@ref22]\] Therefore, the lower proportion of SVI in diabetics in the current study is expected.

There are some limitations to our study. Ideally, a longitudinal study is required to study the risk factors for glaucoma. Our cross-sectional study reports trends only. The subsample size of the type of religion and diet was small. Therefore, their influence on the association of diabetes and glaucoma should be interpreted with caution.

Early detection of chronic and blinding eye conditions such as glaucoma and DR are recommended for timely intervention and treatment. However, universal screening as a public health measure is recommended only if the prevalence of the individual eye disease is high.\[[@ref23]\] Nearly 30% of individuals with open angle glaucoma have diabetes.\[[@ref24]\] Therefore, DR screening among diabetics is recommended. Global public health policy for preventing visual disabilities due to glaucoma has been proposed by experts to the World Health Organization.\[[@ref25]\] We believe that combined screening for DR and glaucoma should depend on the magnitude of both of these potentially blinding conditions, and it should be implemented at that country/sub-regional level despite global policies.\[[@ref26]\] We found that 15% of diabetics and 15.9% of STDR cases had glaucoma. These results support the screening of all diabetics for glaucoma as well as screening all STDR cases perhaps at the time of intervention to rule out glaucoma. Although population based glaucoma screening is not recommended, periodic comprehensive eye assessment of all patients older than 40 years (including diabetics) could be an alternative strategy for early detection of STDR and glaucoma.\[[@ref27]\]
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